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粘性消失,解的 H1 范数的收敛速度.其次,利用加权的方法 (与文献 [17, 29, 47]
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ABSTRACT
It’s well known that the Navier-Stokes、Magnetohydrodynamics (MHD) equa-
tions are the model describing the motion of fluids. MHD concerns the motion of a
conducting fluid in an electromagnetic field and has a very wide range of applications
in astrophysics, plasma, and so on. So, the study of the compressible fluids not only
has theoretical significance, but also has important practical value. And, the asymp-
totic behavior of viscous flows with vanishing viscosity limit is one of the important
and difficult problems in the theory of fluid dynamics. This article is mainly con-
cerned with vanishing shear viscosity limit and boundary layer for the cylindrically
symmetric Navier-Stokes equations and the one-dimensional full compressible MHD
equations.
We first study an initial and boundary value problem of the one-dimensional pla-
nar MHD equations for viscous, heat-conducting, compressible, ideal polytropic fluids
with constant transport coefficients and large data. Firstly, according to the techniques
used in multi-dimensional Navier-Stokes equations [15, 19–21, 28, 41], we shall make
a full use of the material derivatives to show the global uniform estimates of solutions
for the initial-boundary value problem. The vanishing shear viscosity limit is justi-
fied and the convergence rates are obtained. Secondly, to capture the behavior of the
solutions at small shear viscosity, we discuss the boundary-layer thickness. Finally,
we construct the corrector functions to eliminates the disparity of the boundary values
of the transverse velocities. We call the corrector functions as a boundary-layer type
function. Due to the interaction between velocity and magnetic field and the strongly
nonlinearity about magnetic force and convection terms will cause some serious diffi-
culties. Indeed, it is easily seen that the lower bound of the density depends strongly
on the estimate of the magnetic. In order to estimate the lower bound of the density,
we have to split the domain 















Then, based on a full use of the so-called “effective viscous flux”, the material deriva-
tives and the structure of the equations to derive more uniform-in- estimates of the
solutions.
We second aim to investigate the asymptotic behavior of the solution to an initial-
boundary value problem of the cylindrically symmetric Navier-Stokes equations with
large data for compressible heat-conducting ideal fluids, as the shear viscosity  goes
to zero. Firstly, we shall make a full use of the material derivatives to show the global
uniform estimates of solutions for the initial-boundary value problem, and prove the
convergence rate in H1 norm as the shear viscosity  goes to zero. Secondly, the BL-
thickness of the value O() with  2 (0; 1=2) is proved by an alternative weighted
method, which is different from the method used in [17, 29, 47]. Finally, we found
the boundary-layer type function. And the convergence rates in this section are larger
than the ones in the first section.
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程推导而来的. 特别的是不考虑磁场效应,即可得到 Navier-Stokes方程. 由于
在物理学中的重要地位及来自数学上的挑战,磁流体方程得到很多物理学、数
学专家学者们的关注. 对 MHD方程已有大量的研究,如文献 [4–7, 12–14, 24–
26, 30–33, 40, 42, 59, 60, 65–67, 72, 74], 我们主要介绍一维 MHD 方程的结果
[9, 11, 22, 23, 32, 43, 44, 64],一维MHD方程的初 (边)值问题的整体光滑解的存
在唯一性是由Kawashima与Okada在 1982年得到的.他们在文献 [32]中证明了
最简单的一维MHD方程组,即 b 2 R1且 w = 0,初边值问题小初值整体光滑解
的存在唯一性;而 Liu等 [43, 44]研究了小初值问题整体解的长时间性质. 文献




明. Chen-Wang [5, 6]及Wang [67]分别在 2002, 2003年研究了一维 MHD的固
定/自由边界问题全局强/经典解的存在性,假设在 Langrangian坐标系下满足
0  vp(v; )  p0(1+1+r); e(v; )  e0(1+r); (v; )  0(1+q) (1.1.1)






















C 1(1 + r)  ()  C(1 + r) (r > 0), Fan-Huang-Li在文献 [9]证明了大初值
含真空全局强解的存在唯一性.而 Hu-Ju [23]得到了 () = q(q > 0)情况下,
非真空全局强解的存在唯一性.
然而粘性极限及边界层问题是流体力学数学理论研究的重点和难点之一,
如文献 [50],介绍了有关边界层理论. Frid-Jiang等人在文献 [10, 12, 16, 17, 29, 48,
56, 57, 68, 70]中研究了剪切粘性极限问题.但是对MHD方程的剪切粘性极限问
题的研究较少. 基于文献 [15, 41]的紧性原理, Fan-Jiang-Nakamura, Wang分别在
文献 [12, 68]中研究了非等熵MHD方程的剪切粘性弱极限. Qin-Yang-Yao-Zhou
[48]得到热传导系数满足 () = q(q > 0),剪切粘性消失的极限及边界层宽度
O()(0 <  < 1=2).我们在文献 [71]中得到了等熵MHD方程的剪切粘性收敛
速度及边界层效应 (边界层宽度 O()(0 <  < 1=2)及边界层函数).
本文第二章研究一维可压缩非等熵磁流体 (MHD)方程组:8>>>>>>>>>>><>>>>>>>>>>>:
t + (u)x = 0;
(u)t +







(w)t + (uw   b)x = wxx;
bt + (ub w)x = bxx;
cV ()t + cV (u)x +Rux = xx + u
2
x + jwxj2 + jbxj2;
的剪切粘性极限与边界层效应 (边界层宽度与边界层函数). 由于  > 0与  = 0,
横向速度 w的边界条件存在着差异性导致在整个区域内随着剪切粘性的消失,
方程的解不能一致收敛到区域边界,也就是说在边界部分存在着边界层现象,
类似 Euler, Navier-Stokes和 Prandtl方程 [50],只能得到区域内部一致收敛性,在















启发,我们构造修正函数 (v; w),使得当  ! 0时, (w  w)强收敛到源方程
( = 0)的解 (例如,按 H1范数或一致收敛). 第二章最后结论就是找到了满足这
样条件的修正函数,我们把满足这样条件的修正函数称为边界层函数.
本文第三章主要研究常热传导系数柱对称 Navier-Stokes方程组:8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:





ut + uux   v2x











vt + uvx +
uv
x
    vx + vxx = 0;
























究,如 [18, 34, 39, 53, 54].相比可压缩MHD方程而言,关于 Navier-Stokes方程的
粘性极限问题研究的结果稍多些.特别地,有 Shelukhin分别在文献 [56]及 [57]
中讨论了一维平面层流热传导可压缩 Navier-Stokes方程的固定 (自由)边界问
题,当剪切粘性系数趋于 0时, 方程解弱收敛以及 Zhou-Qin-Qu在文献 [75]推
广了 [56]得到了 L2 的收敛速度,及边界层宽度. Frid-Shelukhin, Frid-Shelukhin,
Jiang-Zhang 分别在文献 [16, 17, 29] 中得到等熵, 非等熵柱对称 Navier-Stokes
方程的剪切粘性极限, 收敛速度, 边界层宽度. 1999 年 Frid-Shelukhin 在文献
[16] 中, 首先证明了等熵柱对称 Navier-Stokes 方程的剪切粘性极限, 其次得
到当初值为常数时, 边界层宽度 O()(0 <  < 1=2). 2009 年 Jiang-Zhang
在文献 [29] 中, 假设热导系数 (; ) 满足 1(1 + q)  (; )  2(1 + q)
和 j(; )j  2(1 + q)(q > 1) 条件, 得到了非等熵柱对称的剪切粘性极
限与边界层宽度 O()(0 <  < 1=2). Yao-Zhang-Zhu 在文献 [70] 推广了文















常数时, 边界层宽度为 O()(0 <  < 1=2) 和 一般初值 (0; u0; v0; w0) 满足
(v0; w0) 2 H3(
); (0; u0) 2 H2(
)时,边界层宽度为 O()(0 <  < 1=4). 最近,
Qin-Yang-Yao-Zhou [47]推广了文献 [29]的热传导系数的条件及结论,假设热传
导系数满足 () = q(q  0) (此时热传导系数可以是常数),得到一般初值的柱
对称 Navier-Stokes方程的角速度及轴向速度 L1 范数收敛速度而且得到了与文






R3 表示 3维欧氏空间,其中 R表示实数集,记 x = (x1; x2; x3) 2 R3:





















r 当“ ”取数量函数时,如 u = u(x),则 ru = ( @x1u; : : : ; @xNu )；
当“ ”取向量函数时,如 u = (ui(x))N1,则ru = (@xjui)NN :
u
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